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Descriptor) pott) ThethWe^Edbiwaredbf olsposrftg rotary 

bob for frfctbn welding on bfltfi ste of fteobjeetsto 

RB0 OF THE BrVEWTtON bewe«e4ptacij^1hemtB^ 

onansxtortsJondthafrm^ 

[0091) ThopnsBfdtov6fdtof)fc&StstDQtrtE0onwcioV * BndpviSBnitfoQfrtcflofiwctti^sfcnufiBJtcou^ 

tngmghod ttal b auItBb^ appflod to pand wrtfing pwttiq Rguret ba rata) cross section one em- 

used, ft* exajnpie. In aluminum aBoys raBway ca» and bodfoentof thbbwDntfoa. 

buMngs. poi4) ft^2b averfl^cress&ectto of figure 1 

PQ&q A two-tee© structure (panel) for ruttway con after Hcttoa wefcflng. 

ttstngrtoOowah^n&mbersbc^scto * (MIS) Rguro3bav*rticfiien»sectten of another 

Pa^U2Mpen No. 248863/1 9Saard another us^ cfiibctfmertofthbfcnemba 

laminated panab ouch as honeycomb panob b db» [M16] Rsum4bavertka)aossscdtooof Rgum3 

dosed b ' Japanese Patent LeJMpen No. alter friction wetfng, 

108891/1994. P&171 Rgure 5 b a veriest cross section of another 

poos] Frteoon stir weidlng b performed by oiikfljK) a is embod&nerltof thbttwentav 

mundtodhseftedtoaJooTtreojw^ poifl) RgureSbaven^eroasectioocf RgureS 

the Jdnt reason tinis torn sng a w£bl Thb welding bap- after trlotfanwebflno> 

pMtoabuttjDtatandabpiotnlTWsbdaGeAadb poift] Rguro? baveriedcroes taction of aft? an- 

wo98n0935r>dMbtbesam»aa«o 061848081 and tiherenfcodbrt oftMtbwerfo* 

thsPttbashedJapafwTrand^^ » poaij RgureBbavwtaJcyowscctJoootRgu^/ 

p{kattonDmanoo^coiii^No.506060ri^and after frfctbn we*fing> 

the Wddng 4 Mctd fabrication. January 1996; apt p021J Rgureeb a vertical crass section sfwwbgthft 

13-18. Reference should be mada to tfress document* proceduraof Metal wefaflng of a further cmbodkncrtol 

tn the present Invention. » pea?) F^^tObaveftMemsecteofaftolher 

[0004] lnMttbn8tirwaofinp^thaiaacflonof thsptas- embodfrnentof tttbbittMton. 

tiofEedrnetatbebgetfnxdedD^ pu23) Figure 11 baveftiederosseectfonrfafurther 

tha rotating tool (round rod) to the surface during tha embodiment of this Invention, 

wt^(tt^)nQ<kmrm^tmaL^onXhs^ [0024) R^12bavertlceJcrow»ecitonof afurther 

region. Thus, when thb wekflng method b applied to a a» embodiment of thbtwantion. 

twoJacestnjctmfeerwiXthbd [WttSJ Bgure13boveita)cn»tecttonofafur^ 

tha JoM material at Ota Joint region to flow downward, . embodiment of thb Invention, 

defoanJngteJelj&Thbtr^^ (0826] F^ure14baven^creaaaedtenofafwthef 

a satisfactory weld, ernboo^rnemol thb Invention. - 

(0005) Two-race structures (paneb) Inducts hollow » po27) f^ura 15 b a perspective vteivol a atAtc^ 

ehspemambammao*efeoe}ude^ body ol a raJ&vsy car. 
honeycomb panels, Jotnfng audi panab baa been bo- 

cerrqplsrwdbyMIGwstfr* DESCRIPTION OF THE PREFERRED 

Mrtoowettrabappl*^ BABOOIMENTS 

orwnwthematen^tori»jDbaregio©^ <o 

downbyadewrwrwdforxeprco^^ P028) Tha embedment shown In Rguralhasajomt 

POOS) Trw o w eT t o rf m foyi>dt»abc^p rnembem31 > 32aapanda.Trwhoitowa 

tnavajte^ofeatpefftntnt a. 31, 32 have verted ptatas 38, 38 at their amb to me 

powTj rriroraoift ■ o) a niw copecx u> provwe a tana- ** wtom ojrecnon* Before me wooing, me varatai pases 

factory watted JoM by nrfneutdng daformaHon of the 38, 38 are < fe pos a d immediate?/ beneath a rotary tod 

ftodtogfan w he n two tacaa eja frtabn waMadl SaTheven^pb^d^SSmoppeeedtD each other 

P008) Prefarebfii Q b a second object m provldaa bcentactrfthsyara spaced apart O^oWancebsmal) 

aajbfaWary iTnftfrtf JfrW ajtoworwfacnblrlcttoii wi ttf • and approxtmateiy 1 mm. On tha extension of the tnter* 

ad » bosbetweenthaverflca]platBB%38S88te 

pots] ttbathtrdoc^toenaUatwotamtDbe apro]ectbn52.7hawjmcaipb!ea38.38r^ 

welded together bt 8 abort flma wfthBSb dsfoimadon. alrongenot^^ to atataei the dowiiwcud force itwk 

p010) Ptuftt>tibry»febatfdrdob}edtD enabts twofao- osned eartbr. Tha vertical ptatas 38 are perpendicular 

ea to ba wetted together bt connecting member that to two plates 33, 34. The hollow shape member831,32 

jobs two ptatea forming two faces. ss are formed by estruolng aluminum aihn^ The uppef and 

pOII) Tha second object b resized by provWngttw tower faces of tha hoQow shape member 31 are flush 

members at the Joint region w3h a ratsed portion that with tttaoafiesponolng upper and tower toesoftfiehoV 

taw shape member 32. That b, the hdlow shape mem- 
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bare 31 . 32 fmo to same Otstess, Thb b mm eJso ■ 
ol rjts wcccodhfl errterifrnents. During to friction 

Son SI arid to projection 52 of asmsD-dlarneter portion 
artoffi&jytDd50tesl&Bleda&CTOff» * 
of to hoQsw chape iimjbeis 31 ♦ 32. Numeral 3S ces* 
ignates sptarafiry of membersOtsl aw arranged house* 
«toopftn«ttot*optato»38 l 3ft.Tl»hfttawriiap6 
members 31, 32 each have bnaseraly tymmcotaalentf 
poftbt&ThahoODV6hBpomoT)tors31.a2 » 
cd on s bed (not shown) and And fcrvnovahts. The bed 
abo fas under to weftfeai states 38, sa 
(0829] Friction stir vmsting b performed by rotating 
Ote tool SB. plunging Ots projection S2 fate ths Joint ro» 
gton of to hoSow snaps ri turiibtfle 31, 32, and nxwtng ® 

center of Ote projection S2 is bet w een Oto two vertical 
plates 3a 3a 

[0088] ns^2sbostttobsdpas^sfiertneyero 
Mdbn^etssd Reference rasnbsf 45 dsnstes to » 
snaps ol a weld bead after wcsJng. On Ots extension of 
th9bordsrBr»b^»^lhS¥Bftka1pSa^36\38b8^ 
uated Ihs weJh oentef of flto weld bead 4a The bead 
4S Bbs tn ssj STos on ths sxtsfuson of the ti s cta w s w of 
Ihs vertical pistes 3a, 38. Th» depth of Ots' BJsJdbssd ** 
45 b determined by ©to bargfti of tits projection 52 otto 
tssjsf end of to votary tool 50 inserted tn to Job! region. 
[D091] With Oris constntftioa , b sesjuss th» vertical 

ths vertical tares p roduced o^Mlftgths fitoten w okflng ^ so 
the Job! reojon does not benc\ offering s satisfactory 

Venice) to tits prates 33, 34 as much as possib le . 

pfJSq TtoisrtcafpisteSemaybshp^ 

weight This b hue also of to succeeding embooV * 

[0003] Wetting of Ihs lews? ddo b dsns by turning • 
b^boto>shaps>PTcnibsniupBlos)dos^ 
[0034] "Ihs entxtfrnent of Route 3 hesaverticai 
plate38almsendofomho6owf*>sperrwmb^ 4* 
not at ths opposing snd ofthe ether boBow shape mem* 
ber 32. Comers In ths vortical dfctUiun of ths vortical 
plats 38 of to Irefiow snaps member 31 are messed 
so as to reccrvatiie snds of pjrejBCfogpJeees38,3&of 

member 31 andtoaolredSonpjsn^eno^tss/b>ihstMcs^ 
nsts osBSuofi powaro ins rtottow ansps rnemssr j* 
slde^ When the projecti ng pieces 38 am 
pesos) on ths reoessed portions* Iheis b ac*ua% a ® 
cbSfSHSs) b eb s een them aB ho ug h they bis m contact 
wfih oach other b Ots figure* There b abo a gap be- 
tween ths front ends of dis ss rnernbsrs (te.» between 
ths projecting pbsss 38, 38 end to comers 33a, 34b). 
The abutting Job) portions on fee upper face side of to » 
two rx£owshapemembe»31.32and tf» vertica) plate 
38 are situated c&ectiy betaw to center of to rotary 
tool SOl Ths rotating cents? of ths projsction 52 of Ihs 



weto>gtc«ISOboTspcsed on an e xtens io n effto 
tooftotobfcresscitovertfcsJpJate 
^rcgbnofthaptato33(34)^plBta33p4)b6r> 
uated enOie extension of the center Bns of thotWctowss 
of Ote vertical piste 3a The c«me»33&v 34b extending 
from to states 33, 34 to ths recessed portions Be on an 
extension of to center One of to thickness of the vet* 
flea) piste 38. Considering tits gap bctfwsenrjie corners 
33b, 34b and to prejecta^ places 33, ths comers 33b, 
34b are situated sfljghfly to the teft of ihs extension of 
&ia center &» of to thickness of thewertitaiptatoSS. 
Ths vertica) ptato 38 has 8 vtg£tifty to support the down* 
ward force. The horizontal gap between die front ends 
of to projecting pieces 38 and to hoSow shape mem- 
ber 31 bs&nfiar to that shown In Plgurol.Tbohefp^itof 
the pr oj e ction 52 of tftsw eJ o Tngt oolSObeppruilfliatery 
ecjuaJ to the thickness of tiie pfojecttng pteco 38. The 
rogjon th&t te pb^lic and Rux) uxtfirub botow the pro^aci- 
tng piece 38, and comes to have an area laigertittn ths 
dtorteter of tits projection 52, end tttwesohoDowshsps 
members 31, 32 are trict bn w cld adL tt b da rfrabb that 
ths Motion weld be so formed as to extend beyond the 
contact area between the underside of Ots pro j ecting 
pbe»38 and the vertical ptata 3a 
[003q Ftgure4showstoststaofto)or^8 
wekted Ths weMbeBd^b formed such P^al Ots wkflh 




POSSI To support the vertteaJ torero be^simblethal 
the fCJHting certtuf of ti» tod 50 bo tacnTrt oa Ots e»* 
tenstaej of ths center Bns of rjwthksgtess of ths vertical 
p^038-Tornakathaquan%t)l)olfiorth»l^andrfgM 
hoSow shape members 31 , 32 eq set, ft b desirable Out 
thec»mofBa3b,34bb©Eiiuaiadon!ha®ttfin£iDnofth« 
Otickness center fine of to vertica) plate 38. While to 
projection 52 oftotod 60 should preferably be placed 
laths range between extension Ones of thickness of Ots 
vertical ptato 38\ 0» OtkSJiew of me vertical p«s 38 b 
d e t er m b edbyOieverOcsJfor^ 
tectbn 52 arxl the strenojh of the vertical ptato 3a 
Honce, them may be % case met Ots Osckness of the 
ptato 38 bsmaDer than the dameter of Ote projection 
52. tn view of Oie pos&dste errors of the position of the 
rotary tool 50 and those of Ots comers 33b\ 34b, tt b 
d esfrabto thsttocofncm33b»34bto 

ca) ptato 38, and at least a part ol 0* projection 52 of 
Ihs tool 50 bo sRuated b to range. Thb airsjsjsjRcnt 
errabtes the vertica) r^38toeceh* el teastapartof 
the* vertical forces substontbJy prBveetinj Ots defbrmar 
Don of to Jslnt As a resu* a satbftttory Joint can be 
termed When to bead 45 b taken as a reference, a> 
(hough the bead 45 bsCghtiy larger than trio projection 
52, the same sa above can bs safal Thb b true abo of 
Ote other embodiments. 

[0037] Compamfwltotocasdof Pgum t,thbJomt 
configuration can m!/tlndzB the surface sink of the Joint 
regbn even when Ote hoftzonta) gsp between the pro* 
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Jetting piece 38 and the hafbv shape ranter 31 b 
targe. As a null the Joint has a good appearance and 
requires ft reduced amount of puny tor painting Thbb 
bacii^tf^fl^baiwBiitt^taioiBawteisiatBiiHhaV 
ed at a depth equal to the thickness d the projecting 
placode, ft b aboccnslderedtital thb Joint co^s Tg urati on 
can reduce t ha w dp j& Further, b ecaus e onodlhehoV 
tow members la fined tnta the other, do pB att o ri nj tn 
vte netgrn gjtbcowi or mo two ntenocfa can do eic&nv 
poshed cestui 

(0038) Tha ends aJ the hotow chape membef 31 are 
bflsteraDy symmetrica) In shape. The hoflow ahape 
mameer as aro bbo DnBBfBiiy ayinnBBvak#wasnBHnpe" 
tyLthehoGow shape member 31 has one and Ghapedas 
shown (h Rgure 3 and the other end shaped Da) the enti 
of die hollow ahape another 98 of Figure 3l 
PHttS] tntheon^odteeftolR9tfm5»1htrob^rtuaJ^ 
ae vertical plate 36 tovnedbtBly batata the corners 30b, 
34odtiierecesecd portion d thehefkwrsfiapernsrnber 
31 . The rlojtt end ef Die varied plate 38 Baa on the ea- 
tees1 o e ofthBcointo33av34biOntha)eattfiataetaihe 
rotating center of tha tool 5Cl The end portion of die bcK 
tow ahape member 81 bghw a rtgftity to sustain tha 
vertk^ force by malting the toeier projecting piece 37 at 

»ofthaareeex> 



a satisfactory wetted JoW.R5ure8sh0w shaped 
oeflS4oaiiafwessf^/Viui weaDr^vrBVBws8Bfypare\ 
9 0 any^ ere cut ofl as shoom. 

[0044) 1teiaJsadpeft!m37%38acm6te-beap- 
pfledtDF^1 ft 3and5BadtDtte8Ubsae^efxftoe> 
bnente. 

[D045] F^ure 9 above a further embodiment, whMi 
re aJtoasweating etttie upper and tower laces from only 
one aids. Tha ends of the ho Bow ahape ntcntbers 31 ( 

32 on tha tower akfa have projecting pteces 34a, 34e 
protruding flush wfth tha lower pastes 34, 34 great)/ to* 
ward tha oppos i ng hoQow shape member setae. The 

rs IxerterAdthe projecting pieces 

to contact with each dhoc The front onde of the upper 
plates 33, 33 aie hack tram the bant ends of the lower 
plates 34a, 34&Tr» front ends d the upper plates 33, 

33 ere connected to the lower plates 34> 34 b\reuijh the 
so verticdptotas38,38.Tr*ovorticdplato^ 

nested to traermptflHTn portions of the lower plates 34* 
The top portions of thovertJceJptalDB 30,38 aro provid- 
ed with recessed portions 39, 39 thstreceNeeJotat60, 
When mounted on tha recessed porOona 39, 39; the up** 
a per surface of the pm60bftiishwft 



to the plate 3d Tho 



i 38 of tho other 



vertical pJataa 36, 38 la long enough tor die rotary tod 



portions of the projecting pieces 37, as Withe preceding 
a we ed Bea nt of Rgure X The ascend hollow shape 
member 38 has a vertical ptota 38 near die projections 
3d tor cortrtecthgtha upper and tower ptataa 33, 34.Thls 
arrangement prevents the Joint regtorrfroin being defac* 
O v o ov ea w han thereto no vertical ptaia 38 drectiy betow 
thocornersdtiw> recessed po rtion s. II to noted how cv 
er, mat betow the range of bead 45 there la a vertical 
plate 38 of the pent! 31. Rp^ 6 shows the atata after 



ofRg- 



P040] Inthe ewboe%iiert d Rg^reS, the plate 39 d 
ths hoflow shape mwnbor 32 may be removed 
PD41] ^guwTahewe an elhereni h Bd to a ^ avar^ 
tipwdtfw pre oeo1ngarnbodWwatdF^sjte>o\ biwWsh 



baaee8etiieveflfedpajlea38endthen 
39fetheaameaaax?Uoedlnt 
ure 5 and Rgure 7. 

(0046] The wekflng procedure wfil be descrtoed be- 
tow. tn the statodBo^StAhthaa^endaotthe lower 
plaU»34a,34aariweWDdbytr»roJanrtDo}50.Alth!i 
time, tha hoflow shape members 31, 32, Indudbtg the 
Jotot ragton d the ptataa 34a, 34a, are mounted on a 
bed The upper surface d the bed (tiatf becks thebead) 
ta ttat The height d the projection 62 d tte rotary tod 
Wbamaflerthantrmthicteesedthe 
This design ensures that the bottom surface attar wdoV 
big to fiat Thus, the bottom side can easpy be used as 



atde»'TMs mattes tin Joint sagton ttddL The he^ito d 
the raised portions 37a, 36e aro cojuaL. Other parts of* 
aftaBartothesed^yieg > wceplPiatttewifticdplate 

M 4 <hj | , Mf ■ M mrm JUMt . 1% tm m ■ ■ 

3q BUO OlO OfVm^BCOftm <3w OFW OBBDOw UOI81BK 

pe42| vmttteeontip^iatfeevtthcmb 
twsen me ratseo pornons 3/b ana 3oe DetorewcfOwig^ 
tiie gap to fiSed wth the materia) d the raised portions 
39b\ 38a, when weldedLinpiovbig the appearance and 
reducing the amount d putly rco^uVctL 
[0043] tn Cjorwentiona) wddad {ointa, the weld bead 
BBsasfak corresporafing to ti» volume d the tost ma- 
tanaiet maa nas ooweo oown oy mo ocwvMwoiorco. 
b> the Jotot conOguraSton d Rgure 7, the rotary too) 50 



\ mounted). GeneraOy, the upper 
taoo or mo Tnctzon wtuto ptu tenos to do uneven \m e 
boundary portion S1). 

[00471. Next, e^sr^tnRguje 9(B), the (otm 60 ts 
mounted between the two hoOow ahape mambeie 31 , 
32.TrtoJotrt60bTehapc4bverocdc^ 
When both ends d the {oint 60 are placed on Die re» 
ceased portions 39. 39. the tower end d e vertical por- 
tion 61 has e dearanee between ft and the weld bead 
on the tower ptota. The vertical portion 61 maybeemav 
ted 

(Q0461 Wext, as ahown hRgum9{Cl the joint portion 
between the Joint 60 and the hdtow ahape member 31 
b trtction welded by the rotary tod 50, The rotary tod 
50 need ndba the same as used to Rgure 9(A). 
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(0049] TheaasgtewmtnF^ureSro.ttetD&aportoq hcroycombpa^BCatoagenefalVredaflgufai cross 



[0850] TWs procedure aBsws (ha welding to bo pef- ml wOh Its opening facing to aeneyoomb panel 60a» 

teraetf&mend^andefMnmestobnmtenv^ s Thdc^emhelttee^mentef Mampctfontte 

WBh tfw bivemfan nodi cBrrfadtedt fttfi b m aoVan- rmeisedpoftrona of o^oedy member B4 of tho honey* 

tags thai the ttnonje^uted (or hw^fstaandpe flftlon iftfl comb panel BOa. 

andtho& nw todBvfcwafaunneceasa^ [0057] The honeycomb pane! corresponding to Rg- 

a ssembl y e jaebbo b Imp rove d. uroScan b#febifco£od tnft cbntef tnannac 

[0051] Rgure 10 shows another embodiment to * [0038] Rgcro lOahowasfll anothai a mfrodEnartl Oat 

which both fta* upper and tower sales of the hoi tew corresponds to Rgure 7. After two honeycomb panecy 

shgppmwtbOTSI.SgamtHcflonwMLdalthosa^ 60a. BObajeassambJeeUpiateaeb pfeced on thefaee 

time. A rotary tool 5te for the low^ plates 81, B1 end tempera/fly welded to them. Thep^ 

towttawddlngtoolSOIoTthat^awalda B8 mates iprorthematerlaJtm^ 

Qotthe second wetfng tool 50* face* up. The two * ouLtoF^urot2.otwveito!pieoedthaeo^ 

wosfleg tsob Bo\ 50a tattoo aacti other sjw mowed el of ths honeycomb pans) 60s is oafliovwdl Ths* vertical 

B^sans>sas*dte p e itao j w tifcdBiiwas^ force Is s up po rted by tho thtesnasa of do horiioitfBf 

70 e»becbCabfes). The rotate centers of thetoeb p$eceoftheec^a>emberB4 and the sur^ 

S0ei^SDaai»onthosafnot^oflwt8^btha|BM fpOSS] Rpure 14 shows a further cmboiflmenloftMs 

region of tho hoflewshepomembeie 31 , 32. » irwertta The preceding 

[00S2) Because wfth 1Mb ansngamefit tho rotating tarft irt^panebhaytno two teoaa (lata 0^ 

center of tho second toof SOabpo si oor^ me embodiment cf Rguro 14 foctudes panels 01, 02 

ttftston erf the rofr^ center of the f^n^ hevti^¥trtuaDyo8bg^fto C^P^^^^ ^ 

beteocewshescheOttreitoeta tJonweWngtop«torrnedsltwo>ocafl^ 

pas h o rtt on aw Mi^defbtmafloaRii^ » Ongendsot ftepefteb91,9e,tn0eu&sJ»wtt)tace 

thembrtooeedtolnveitthohofiowehapoffra pities 94 end thatanersldowthrnfn 

3% tho welding can bo perfesned m a short timowfib tore, 0>e Joint cohorts on tho Inner sldo ere provided with 

tttodefbnm^oftheJotaL roffnwtacwptoi (toco plates 90. 93). The rtanew face 

(0033) Thb embotirnem caj)be appued otherembod- ptates 83, 93 are supported by ven^pteto 

past] Thopieoodteflefnbootnentihfliwoe^ penolouterto me fane plates 98> 94. Tte 

shspemembeiseapanebtobftJemeclTte 94arap^jvtdedwfmrabedpomora37a,38aslm9arto 

e mb o oT mentoshowthofrtdbnwe tho ones shown In Rguro 7. Tho fa£» pistes 94, 94 

eyeombpanebxAes*townroRc^11,theh^ a fAjralty cf rrinfofring rfba (pbiea) 96. 95 a! speciftod 

panels 60a, BOb comprise too surface* ptateo 01. 82, * mter*ah.Tnem>s98amT*rtapedwcrDa3 

coto momboro 03 havmg ho na ycomp^ ft o cefie, and top surfaces of the rtos 95 are flush with those of tho 

eo^ in enibemd^anBf^a^theedoesofOtes^ face ptetes 03 of the Joint regton. To the top surfaces 

t^pkt>oM,Ba; wa»0^cofO f T» m bg«e3apdthe ntetionbQ membero {such 00 pflbfo) may bo wefcbe\ 

eo^membonMsoMendtotm>suffacwpbftes01,82 of the top surfaces serve es mounting seabr^ 

tolbmibitesraSatnKtun^Tm^ « Rvth8T,thetacaptate38to93,93eeri«Bsaseat^ 

the em rmtrhm 03 and the edge membcra 04 am conlroJD^mohe^ofthetoolSa A movebtebody car- 

made of aiumbura efley. The edge membero 04 are lying the toof SO Osveb along tho face plates 93, 9& 

made byeennton and have areetBnc^ cross see- Because of the provision of (he tec* pistes 93, 94, the 

tbitAfl sides of thb mzmfptoaotmtattionbhwg* poneb91,92eanal&obeeakltofen^atwo4^ 

fethlbmt»a^tbesumto « a^Thei»fteb91.92aniettu^ 

skk» of tho mutual cofitiKls^ [0060] WWW Ffeuro 14 shows the vetoes! pttes 00, 

bswitib> a amoftMBia8 a aBa^ 98 of the panels 91 and 92 opposmo each other al tho 

honey«mb paa ebBOa, BOb have the same tMcfcnese. jottregbn, earn the cen8e>e^^ 

[0055] The ow aj oo lmtn t of Fqjmjw 11 cerrosponds to siWoteptaooonoof the veftfcoipbte over tho othen 

the one shown to figure 1. The height of IhapfoJecOon as as shown 01 Rguro 9^6 and 7. 

52 of tm> rotary tool 50 be*gero^ the th^^ [0961] Rp^15showea» exampieof epptolJonof 

tofeceptate»O1 ( 02.ThbefiovA tofm teembodhwrttothoetrurtiimlbodyof arsawaycax 

82endmeee^membemaA 04tebewetded The bad The strocteroJ body has side bodes 101, a toof body 

ecfrtgon the panete 60a, BOb btmnsfnmedmaMy by loz.aeoorboeVlOAando^becfiBaWatmeemls 

theede^membemB4.Afterbebat8bjba^ » b the bn^tudhaJ drectfcn. Tee aide bocSes 101 snd 

ao^OttMassambMandMtb^^ theroolboc^icehavopanet831,32,60a,80bv91,62 

[0056] The embo d onent of F^pjre 12 corresponds to whose s^saieaaiaon^nted In o^bntfb^ 

the cmeahtnwibF^OLTheedoa member 04 tbnofthoc^ThoJob^behwjentto 



between the Joint 60 and tho hoCow shape member 32 
b MctfefHwekfed by tho rotary tool SQi 



section and baa recesses at ths comers. Tho edge 
member 04 of fee honeycomb panel 00b b Qceachan- 
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and ri» rod body ItttandbetPwattoddBbotolOl 

71* rwl body 1« and th» aide bote 101 am often 
shaped trto arcs to cross sacttofk When the paneb 91, 
92a7BUSSdfDftRostdDtedlcd101 t th8Bltf8hSfWn9tho * 
vertW ptoses 88 end ribs 88 b made to tee to to b> 
teds? of die car and the retofbfctog n 



(tt63) The pa/teb 31, 32 of Rgure 9 mey be corrv 
btecd to e mtoorHinago effanflg we nl The end of the « 
projecting ptate 34a of each panel b placed on the re- 
oessadpo^39dlh0piate33 of the olhef panel Thb 
ototate* the use cf the Joint 60 and afiows the shw&a- 
BBOUi meson wBKsng or mejovii regno swoiiioniBDoev 
and beta* The plates 33, 34a can be provWed with *s 
orised portions, as shown to Figure 7. 
(BOSS) The foOowtog numbered pa/egrsphs contain 



1* A panel seuctBre to which a second panel (3^ 
eob^tswe^toarM panel po t 80a»91Xc 



the first panel comprises a test ptato (33,81, 



0» second panel cernprtsee a ffrst ptato (3% » 
81, 9% a second plate (34* 82; 94) substantially 
parade) to the first piste, and a third ptato (35^36, 
B3 l eA9o\9e)eormectir«thsftre*p^ 
oadptatas 

the first ptato and the second ptato of die see* 35 
end panel are welded to the first plats and the see* 
end ptato at die and of die flbst panefc and 

at nasi at oie jom region or vie nrs? states or 
at m jotm region of to secono peuee, a Dene o 
th»Jolf4f»^on Bee to orange en seext ml ongne 4D 
or t raciwicss or umwuwpeiworiTieigsipanet. 



One of « 




an end portion (37) of the ftst panel on the so 
tnnersid& thereof protrudes toward the second pan* 
el more than an end portion of titetiikd plata off the 
Ibstpane^and 

die protrudtap} portion to parallel to the fbat 

edtotftebeadl 



wherein the third ptato of the fW penal ban an o 
i of the center to Ota wfcftft direction of the 



5. A panel structure 



to paragraph 1. 



the second panel has the tirfrd plate (38, 84, 
98) at end portions of Ota 6s} ptato and the second 
ptate, 

die ttrfnJ ptato of the first panel faces the third 
ptato of the second panel and 

the bead Bes In a range on an extension One 
of thickness of each of the third plates* 



& A panel structure according to paragraph 1, 
whereto tite fast ptato are w el de d to each ether, 
and the second ptotas are we trfad to each other, end 
the beads at die joint regions Be to ranges on as* 
i fries of thickness of the tirird ptato of tin) 



7. A panel structure according to paragraph a 
whereto the first and second panels each have the 



afdaptunhQycrftouithplBtee^S^83)ersprfwld^ 



whereto the fhot and second paneb have a ptursJay 
otfounhplal^(96)c4uuu&t^on)ytoth8fbstpt^2s; 

9,Apanelstructoretowhlch two panels (31,32) are 
welded to each other, characterized to that 

the paneb each have a first plate (33), a see* ^ 
ondptala(34)suh5ta^ia{Vpama8)tothsr{rstptet0 v ' 
a pturattjf of third plates (35) connecting the first 
r^^aruftheeacsndptarD.e^afeaTlhpiato^ 
substantiafly perpcnolputar to the first pteto at an 
and portion thereof end connected to en htefroedfr* 
ate portion of the second plate, 

ttio fourth pteto to substantially pe rpoodkMtat 

» , » - *- ■ -» m± n * .l,.l n , 

to Die nrsi ptaxe ano me secono puns; 



b welded to an end portion of the fbst ptato of the 
other panel though a 18th ptato (60); and 

at each of the Joint regions between tin GBh 
ptato and the first plates, a bead (46) of thejofrrt 
region ties In a range on the extension Baa of thick" 
i of each of the fourth states. 



4> A parad 



2. 



1a A panel structure in which two panels (31, 32) 
are welded to each other, characterized to that the 
paneb each have a first ptato {39), a second ptato 
P4>substan!telJyrjarate 

of third plates (35) connecting the first plate end the 
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and a Cbufth plate p8) stibsteriSaSy 
to Hid firaf piste 81 an end portion 



die second plate of enepflasllsceaTtectedto o 
ao end ponton of Out flrst plate of the other panefc 

flis second piste ofthe otherpane! Is cannacl* 
ad to on end pardon ol Ota first piste of fiteonspan* 
efcand 

flSeschoffDlrtliBp^onsbcfMsnffMonopQnol * n 
andftoo^pgnd t ebead(45)0estoaran8aon 
0io extension fin© of ttdckMss of each of did fourth 



11.ArnethodoffrfcdonHeete3n^ 

80a, 60b, 91. 92% eftajBcrerfaad In thai 

tope^eacfchmatbttpJate (33.81.89). 
a second piste (34, 89; 90) otAateodtfiy patsM to 
Ota Oral plate and a third plate (38. 88) ceanecflng 
the Orel end second plates at their end portions; 

ite third plate bsubEtenttaty pcfpendndarte 
tha find and second plates; 

the teo paaela aia aa disposed thai the fltird 
ptates eta opposed to each other; and 



12. A wetted of Melton oj afaflng panels 

ttt 9 wnetetoraterytccte(50lo%)fer 
jsre deposed on ttocwtekto of tha » 
find plates and on the outside of tha second ptates. 
thaiola^cs^toofofiscjfthamlafytooblso^ 
posed si/bblaffttofly on an oirtftmlon of tha rot&flmt 
canter of tha other rotary tool ano\ to IWs stats, tha 
fast ptates are friction amldrritoeach Other and the as 



13i A method of WrttefH^lDTnflnftet nand pi, 
BOa, 01) and s second panel p2,80o^ 62). charso- 40 
terbed >> that 

tha^panalt»afinSplBte^B1.99Xa 



\ portions eta Donned at i 
portions beteccn die third plate and tha fast plate 
and between tha third plate and the second plate ao 
and are open tn the (flietooo otthfctoiesscdtiispayv 
elandtol he o Tr ec i loap er p ea d tater totr^ 



the second panel baa a first plate (93. 81). a 
second plate (34. 82) sabstentiaJly pajaJZe! to the » 
8MptalaandaD^platepS,6A98)cormecdng 



ptete of tha second panel are placed on tha re- 
ceased portions of tha fast panel; and 

tha superposed portions are Mellon wclcfcd 
from outside BSong an extension of tha third p&ts of 
tha first panel 

14. A method of WctJon-wetcEng panda according 
to paragraph 13> wherein rotary toots SO. 50a for 
frtction wetting ore disposed on (ha out&lda of tha 
fbst ptates and on tita outside of tha second plates, 
and tha roteBoa centar of one of tha rotary 

tha rotation center of tha other rotary tod and, tn 
Oils state, to first plates era Diction voided to each 
ether die second panes era tnctfoaHvetdedtoeach 



1&Aroe8iodoffrlcilo e 
dttracterteedbithaa 

tha teo panels each have a Rrst plate (33), a 
second plate (34) stftstentteBy parallel t» the ftst 
piste, a pturaJfiy of third pistes (35) connecting tha 
Out pkiio and tha second ptste, and a fourth ptata 
(38) sulwiMStel^pBiperinlralwrtethalpatptateBl 
an and portion thereof and connected to en I 




thickness direction; 

tha second plate of one panel b placed on tha 
re cessed portion of tha other panel and tha second 
ptata o1 tto other pamrf » placed on the recessed 
portion of tha one pans!; and 

tha superposed p ar dons era friction welted 
I an omen won or me trans pass. 



18, A method of MPsofHsehfng panels i 
to paragraph 1b\ wherein the tirt plates arafrict^ 
weldedtoeach other and tha second ptates eretrto- 
8on waldod to each other stmutensousfrf from tha 



and portions of tha first ptata and tha second 



17.AmethodofMctlDn-*^ 
charectertzedtethal 

toatwop^netaead»l»Ma&stptete(3q,a 
second plate pa) substantially paraset to the first 
plate, a ptumflry of thW ptatee (sS)oormectlagdia 
first ptaie and the second plate, and a fourth ptste 
(38) Is substantially perpendicular to tha first ptate 
at an end portion thereof and connected loan Inter- 
madiate portion of tha second ptata; 

the second ptates of tha two panels are frh> 
ItorvweMad from the first piaio rfdo, tha first plate 
being disposed above the second plats; and 

a firth plate 80 is than placed on each of tha 
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fazrth pisses end ttefauth ptoses s&fridten wiid* 



iaApafldccmp>fafesaBmipteteP^ai.a8) > a 
tecondp*ta(3a,82, 9o)eubsoatrat))f pajaJiet to the 
fiist plBt^ iivl a IhM pteta (S8y 60) coftfttctfRQthe 
B^ptateftgfltta second pfalpallhcfr end poffloTB, 
characterized in that 

OtathM^BtobcabstBsdeflypcipeftticidulo 
to flat pata and Ota second pate; mat at teas at 
ana of the connection portrana between tha third 
piste and tha first pata and batman lha Wrd pata 
and the second pate, a recessed portion p9) Is 



of the 0&d pata; and 

Oa recessed portion bi open rafiaolredrea 
of OScfcness of lha panel and la fin otrecdon per- 



19l A panel aoponBaj b> paragraph ley arhareta at & 
Ota recessed portrait there b a projection pi) pre* 
tiw&)gpai^tDm©^ptottnrithd«econdphsl» 
toward lha end side of lha panel awe than the third 



of tha 

or tha 



21. A panel according to paragraph IB, wtwmto at 
enereafh^tharccfjssedpotttoiitPthaflrst pata 
or tha ascend pate* there Is a raked portion (37a, 
38a) prelecting ouhfardyb » 
i of the panel 



Isa 



ten die 



29L A pans! aoaaieag to paragraph 18, wherein lha 
recessed portion Is formed at both connection per* 
dons between tia third pata and tha first plate and 



r^p^TualngparBQ^ to Ota rli^ plsta and th»tsc* as 
end pate toward Ota and slda of Ota penal mora 
Otan tha 0&d pate. 

24, A p a nel occofdhg tep araflraph 72^ whereto on 
en extanam of 0* center of tha tWcknesa of tha » 
titfrd pate, there are corners (33b, 34b) from the re~ 



25. A panel accenting toparagrapn 22, wherein et 
areas tram the recessed portions to the first and si 
second ptataa, titers era rafsad persons p7a, 38a) 



26l A panel comprising two substantiafllp parallel 
plates (33, 3«) and a thW pate (35, 38) cennectmo, 



P?*, 38a) ara termed m end portions of tha two 
prates endprojectoutwanfijr tn thacTrecConefthick- 
nesa of Ota panaL 

27. A panel comprising a firet pata (33), a second 
pata (3i) substantial!/ pa/aDel to tha first pate, a 
pturaffiy of thtrdpfetes (35) carmecdngtitaftrst pate 
and tha second para* and a fourth prate (36)000- 
nactad at an and portion of Ota Oral pata to an In- 
terrnedtate portion of tha second piste, < 
bod In that 

tha fourth ptata b substanttoflyp 
to tha first ptato; 

at tha oonnecfion portion between tha fourth 
ptata and tha flat ptata, a racaasad portten (39) b 
formed tn a range on an extension Una of thkJ pi ass 
of tha third ptata; and 

tha recessed portion b open In tf» direction 
of titfcknesa of Ota pane} and In fee arectien per- 
pcndlcuaf to Ota thickness direction. 

28. A panel comprising a pata 03> 34, 81, 82,93, 
9*Kepbjrauyof second pates (35,38,83,85,96) 
protnrfng from one aide of Oia pate, and raised 
portions (37*. 38a) protruding at ends of tha pata 
from tha other rasa of lha ptata. 

29. A method of friction welding two members (31 , 
.32, BOa, 8Ct>, 91, 92), characterized tn that 

two members each have a raised portion 
(37a, 38a) disposed at one long&itffina) end end 
protruding horn ona aide tn Ota drccton of thkk- 
nasa;and 

iBbed portions era abutted against each other 
and friction wetdod from tha raisod portion slda. 

3& A method of friction wohfingtwn mwdwas (BOa, 
80bX characterized bi Oat a third member 88 b 



with tha Orirti 



uwn hdcvo me uvra memee* 



31.Amethodofm^orH«lolngtwoD^ 
80a. 60b. 91, 9Bfc characterized In lha . 

two panels each hove two ftiA^ i t ry fltofly perafr- 
Wptales(33,34,81,82,83,94),amWrnefrt)er 
(3S l 38,83,64,049fi)coTOectosthBr^ 
and a raised portion (37a, 38a) disposed at an end 
pcsnlon of attest one ol the two ptates^pfomid^ 
mg outwardly te ma ctirectien of OUctoess of tha 
panels mors than tha two pates; and 

the and porttons of Ota panata era Metion- 
werded from outrite In the oVcction of thickness of 
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32. A method cf MeBob welding two members (31, 
32, 8ft* BCb, Qi , 92), charactertoed to thai two Mo- 
ttan«dtflnyiataiytpoli(50i 60a) BiBdsposcd over b 
Joint 18^019 of Ins* two numbers* on of the toots 
oo teifisGrtBsosMo and 9to other on the tower 9 
tsco side of nvmbcro to bo welded; 

the rotation center of on of the rotary toote H 
rflrf nfifirfttfhitnflttnTTy on nn nstrnirtftftfif Tftft (tin* 
uon cenxer or uw omsr ronry cdoi, ono 

Die too rotary toots aro rotated and mowdsr* ro 



m8tBlpanohpi32 v BOa f fiab^^e)Join8dtoQfiih6r 
e4B*4free>byrtte8tfenwddJoH » 

each east panel hsvtog at on onto o tost ton 
steel (33^81 ^4) and fit nsoppostostdBowehtH- 
82$3) panda! to and spaced from said that toco 
sheet, and having at least on cross-member (38t 
94) connecting said toco shoot and ssSd web, *° 

oaldfliBttansbaetopscm^c^faspecth^ 
ly saio test and secon panes txssiQ pkrteo croccy 
by oaJd weld Joint which has a wonting bead tomad 
of metal of both panels which was not meted to the 
formation of ttwwetd jotn^ " 

aaid cross-member (36*4) of at toast on of 




etonatig^toaaldflrattanoheotoftbopaBei.and 



bead 45) Dos at toast party to the projection ana of 
eatd cros&membef to said fransverso clrection. 



anWorctogedgoo^tM)*^ 
bmzffigtooaMohemnian^afiidwoldlRSbaad 
betog formed I n both said sheet ntenfter and said 
reWorotog edfee body, and said retororctog edga 
boo> (B4) erovUtog said weJdsupportc 



38l A pane* structure eccenflng to paragraph 33 
whereto eatd Oct tan sheet of on of aaM panto 
has a projecfing edgs portion (38) and the titer of 
saM pane* has a rebate (33b,34©) rtceMng said 
pfojacthg od£s portion. 



39. A panel atnjeturja according to paragraph SB 
whereto aaid web of on of aaafpanetoateo has a 
projecting edge portion (38) and the other of aaid 
paneb has a rebate (94b) feceMng aafaf projecting 
edtjo portion of said web. 

' 4aAmethodof)cJn]n9twoiTWg6oro(31 > 32;e^ 
8Cbc91 # »^byMcthmsarwoWr^ 
steps of: 

(!) arranging aaid membero n that rospeeffoo 
outer toon thereof are coptonar, andrasneo* 
Uvo Joint tocos thereof are crosery opposed 

that of aaid two members between aaid Joint 



Joint faces and rotating said probe so as to gen* 



both said members, therefcy to fonn a wefcfing 
bead uniting the members without melting of 
ths material of (ho members, 



34. A panel structure according to paragraph 33 
whereto said fbst and second panto (30*1 ;94) 
both have a said wold support croos-msmbof (38; 
94)etrJwirre$pectiwM!dg^a 
provraeo, to i 



36. A panel structure according to p aragraph 34 

«- * * ttJk'mMi i 111 * -*.»-« 

Dew(Qof ioftianC9fnencf com panes wmenwas 
not meoeo m tn rorrnaoon or oie weso jozm, soro 
two weld Joints tying respective^ at i 



to paragraph 35 



37. A panel structure according to paragraph 38 
whereto, at said edges of aaid tost and second pan* 
el at which aaM at toast on wold Jotot to formed. 



wherein at least on of eatd members has a 
rfe(37a» 38a; 88) upstanding from said outer face 
rnroofex^acsmssn prolan ewecfli aanprooo 

tog the welding. 

41. A msthod aocordtog to paragraph 40 whereto 
satt rib (370,38a) to to < 
on which ft Is provided. 



prised of a sheet member (81 ,82) and a portion of 



42. A method i 
said rto tsa i 
irernbe f nwlddifctopfooidadpftof tothew ei ol ng . 

43. A method aocordtog to paragraph 40^41 of 42 
whereto both said members have said ribs. 

44. A method oscordtog to pamgrBph 40,41 or 42 

whereto said rto (88) on one said merrtowdendsover 
said outer ten of the other seJd member whan said 
members are arranged for welting* end said probe (?2) 
penetrates through saidrto when iwertBd Into toe men> 
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Ctahns 

f 

1, A ousted of manufacturing a structure haying a 

- — 
CBfnpnsiTiQ 

providing flist and second mernbet a pi, 32) ro 
each composing a ptsta (34) hsring a ftist face 
ind a second face, said second lasss providing 
said exterior face of said structure hi use there* 
oJ.and 

abutting respective edges of said plates and 
porfoerilng faction stir welding of thoptBtssby 
inserting a rotary tool (50) boo said abutting 

wherein at least ono of aaid plates has, adja* • & 



cent said edgs thereof, a raised ponton projecting 
up al asfd find face thereof away tarn said second 
Pace ano p ro v wng a wcai w xx una g, sag rncpon 




23 




X A msflwdacconfcjgtDdtolml or 2 r wherein said 
rtrutfurebavchktebod* 

4, A stnaajra hnvfctg ftst and saoond members (31, 
32)e8Chccrnprtstngaptetop4)haMngafirstsur- 
face and a second surface, said second surfaces 
providing an oaderJof fans of aaid asvcbjsa to use 
tftereof, whereto said platee ajs Joined at abetting 

t rt m ntf on of a rotary WctionsDyw cftflnfl tDcl at said 
first faces thereof. 

& Asln**i»aceorangtodaim4>wh^ 



EP 1222 997 A1 

FIG. 1 




FIG. 2 
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FIG. 7 




14 



EP1222997A1 



FIG. 9(A) 
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FIG. 12 
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FIG. 13 
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ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APFUCATEON NO. If 02 00 4624 



15-05-2002 



If 0379320 



25-07-1990 CA 
DC 
DC 
EP 
JF 
JP 
» 
Kt 
KB 
K* 
US 
US 



2007749 Al 
69015049 01 
6901049 11 
(079310 A2 
1923553 C 
2279457 A 
6045340 ft 

9603314 81 

9603315 01 

9603316 Bl 
5098007 A 
5267515 A 



18-07-1990 

02- 03-1995 
18-05-199$ 
25-07-1990 
2S-04-1995 
15-11-1990 
15-06-1994 

03- 43-1996 
08-09-1996 
08-43-1995 
24-03*1992 
07-12-1993 



US$460317 



24-10-1995 



AD 
AO 
Ml 
AU 
CA 
DE 
DE 
EP 
EP 
WO 
HJC 
JP 
JP 



662310 82 
1016495 A 
658950 82 
2352892 A 
2123097 Al 
69205991 01 
69205991 12 
0515480 Al 
0653265 A2 
9310935 Al 
1006431 Al 
2712838 82 
7505090 T 



31-08-1995 
30-03-1995 
04-05-1995 
28-05-1993 

10- 06-1993 
14-12-1995 

11- 04-1996 
21-0*-1994 
17-05-1995 
10-06-1993 
26-02-1999 
16-02-1998 
08-05-1995 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



